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Summary 
Engineering students are best able to understand theory when one explains it in relation to 
realistic problems and its practical applications. Teaching theory in isolation has led to 
lower levels of comprehension and motivation and a correspondingly higher rate of failure. 
At Queensland University of Technology, a number of new methods have been introduced 
recently to improve the teaching and learning of steel structural design at undergradt1ate 
level. In the basic steel structures subject a project-based teaching method was introduced 
in which the students were required to analyse, design and build the lightest I most efficient 
steel columns for a given target capacity. A design assignment involving simple, but real 
structures was also introduced in the basic steel structures subject. Both these exercises 
simulated realistic engineering problems from the early years of the course and produced a 
range of benefits. Improvements to the teaching and learning was also made through 
integration of a number of related structural engineering subjects and by the introduction of 
animated computer models and laboratory models. This paper presents the details of all 
these innovative methods which improved greatly the students' understanding of the steel 
structures design process. 
1. Introduction 
At Queensland University of Technology (QUT), design of steel structural elements is 
taught in the second year of the four-year civil engineering degree course. This subject 
includes the behaviour and design of individual elements such as columns, ties, and beams 
according to the Australian limit states steel structures code AS4100 [1] and thus provides 
the basic building blocks needed for the design of steel buildings. Therefore it is important 
that it is taught well and that students actually learn well and understand these basic 
building blocks [2]. However, until recently this subject is taught in isolation from other 
subjects and most importantly from real life problems. The students appeared to have little 
understanding of the behaviour of steel structural elements, in particular the buckling and 
ultimate strength behaviour, and its relationship to real structures and code provisions. 
Thus they had difficulties using the steel code and their performance in the subject in the 
past has not been satisfactory. 
Traditional teaching approach in this subject is to illustrate the concepts using numerical 
worked examples and the students then mimic it for similar problems with which they had 
difficulties relating to real problems. It is only in the third year of the course the students 
have to do a design of a complete steel building design, but it is somewhat late. Even at 
this stage the students use the various formulae from the code without much understanding. 
Most engineering students choose to do engineering because they believe engineering 
involves solving real life problems [3]. Routine assignment problems (given a member 
cross-section and length calculate section and member capacity type problems) are 
uninteresting to engineering students, and do not expose the students to solving realistic 
problems. Thus it is necessary to teach the basic steel design subject with strong reference 
to real life problems and to other subjects in the course. 
In recent times a project-based approach has been used in teaching basic subjects in the 
early years of the course in order to relate basic concepts to real engineering problems [3]. 
This approach has been taken by the author in teaching Steel Structures and other basic 
subjects at QUT [4]. For the basic steel structures subject, the students were required to 
analyse, design and construct model steel columns for given specifications. 
In addition to the project-based teaching, a number of other initiatives has also been taken 
to improve the teaching and learning of the steel structural design process. All the steel 
design and structural analysis subjects were integrated so that they relate to each other 
more closely. In another assignment, the students were required to design realistic, but 
simple steel structures. This paper presents the details of all these innovative teaching 
methods used to improve the teaching and learning of the steel structural design process. 
2. Project-based Teaching 
2.1 Description of the Project 
The model project was introduced as part of the basic steel structures subject, and 
contributed towards 15% of the overall assessment. Students were told that they are the 
Product Development Engineers attached to a steel framed housing manufacturer. In an 
attempt to capture the housing market dominated by timber framing manufacturers (thus 
made more relevant), students in groups of five were required to investigate the use of 
open, unwelded, cold-formed thin-walled steel sections as 1 m long columns (studs) with 
simply supported end conditions for steel framed housing using different geometry of 
section, grades and thicknesses of steel. They had the option to use four different strength 
steels (minimum yield strength of 250 to 550 MPa) and eight different thicknesses ranging 
from 0.4 to 1.6 mm. Their objective was to develop the most efficient cold-formed section 
for lm long columns of three different capacities of 20, 40 or 60 kN. The most efficient 
section was considered as the one which had the greatest axial compression capacity per 
unit weight as the fabrication cost was considered approximately the same for all sections 
using the equipment available at QUT. At the same time the section should also perform 
as they predicted, i.e., have the predicted capacity and the buckling mode. 
Students first chose the thickness and grade of steel and geometry for a given target 
capacity. They calculated the member capacity according to the steel code [1], based on 
which they attempted to delay/avoid the possible buckling and yielding modes of failure of 
the chosen sections. Section geometry and other parameters were changed until the most 
efficient section was obtained. They then prepared the drawings for the workshop and 
submitted a report explaining why they chose the section and capacity and failure mode 
calculations before the columns were tested. Following this the model columns were tested 
to failure under axial compression (Figure 1) in front of 90 students and a judging panel. 
Experimental results were then compared with the students' predictions. 
Each submission was assessed based on innovative sections (10%), development of the 
proposed column section depending on the design approach used and the ratio of 
experimental capacity to target capacity (30% ), efficiency of the column section based on 
the ratio of experimental capacity to weight of member, presentation of the group on the 
performance of their column and the reasons for underestimation or overestimation of 
column capacity and the observed failure modes (30%) and final report (10%). 
2.2 Evaluation of Project 
2.2.1 Understanding the behaviour of Steel Columns 
During the laboratory testing, the students were able to observe the behaviour of columns 
through the elastic stages, buckling and post-buckling stages and collapse stages, and to 
verify their predictions. Instead of being 'told', the students were able to see for themselves 
the real behaviour of steel columns. They observed the different buckling modes, namely, 
local flange and web buckling, distortional buckling and global buckling (see Figure 2), 
and they understood why and when they occurred. Students are unlikely to encounter such 
graphical illustrations in a normal course of study. 
During the tests, the students saw the wider plate components undergoing elastic local 
buckling somewhat prematurely, and noticed how that was delayed/avoided by the 
introduction of 'kinks' in the middle. Effects of edge conditions on the local buckling of 
plates was made very clear when they saw flanges of a channel column locally buckled 
before the web despite the fact that the web was wider than the flange (see Figure 2 (a)). 
When they saw the column withstanding further load beyond buckling, the concept and 
presence of post-buckling strength was easily understood. From the load-deflection curve 
they also observed the reduction in column stiffness following buckling. The concepts of 
ultimate load, local plastic mechanisms, the collapse curve and the need for ductility, all of 
which were demonstrated during the tests. 
The reasons for global buckling were made obvious when the students observed global 
modes (Figure 2 (d)). Using the steel code some students attempted to eliminate only the 
local buckling (effective area = gross area), but such attempts resulted in rather smaller 
cross sections and thus underwent global buckling. The author believes that the students 
will no longer confuse with the different radii of gyration values (the radius of gyration 
about the x axis rx or y axis ry or the principal axes rp1, rp2) to be used in calculating the 
appropriate column slenderness L/r. There were some C-section columns which were 
relatively weak about one axis, and the testing of such columns showed the need for the 
correct use of rx or ry. A group of students designed a Z-section column and the testing 
exposed the mistake the students made in using (rather not using) rpl and rpl· The students 
realised that end support conditions were very important for the columns buckling in a 
global buckling mode than for those failing in local buckling modes. They observed the 
effects of imperfections on the behaviour and strength of the column, and thus understood 
the real column behaviour. Some columns carried 5000 times its weight, which surprised 
the students and made them believe that steel is an efficient structural material. 
Some groups of students designed 5- to 10-sided compact columns such that local and 
global buckling modes were delayed/avoided, but their columns failed by local distortional 
buckling (see Figure 2 (c)). This demonstrated the different buckling modes seen in cold­
formed thin steel structures. Some columns twisted during the global buckling mode. 
Thus they learnt about the differences between cold-formed and hot-rolled steel structures, 
and the need to use separate design codes. Although the cold-formed structures code [5] 
was not introduced to them, some students studied on their own and used it in their 
designs. The weak link of the project was the use of the steel code [1] for the design of 
cold-formed steel columns. However, it was not considered a major problem as the main 
objective was to teach basic concepts and improve understanding. Although the cold­
formed steel structures code [5] was not used in predicting the ultimate capacity, test 
results agreed reasonably well with most of the students' predictions. 
Subsequent to the testing, the students presented their case and faced a range of questions 
from fellow students and staff regarding their column behaviour and design. The 
presentation clearly demonstrated the students' improved understanding of the subject. 
One important outcome of the project was that the students were able to relate the various 
concepts and formulae in steel design to the real observed behaviour of their model 
columns. This significantly improved the understanding and thus the interest in the subject. 
2.2.2 Students' Evaluation 
A survey was carried out at the end of each year's project. The number of respondents has 
been at least 80 in each survey during the last three years. Almost all of them said that they 
participated in the project (>99% ) , and out of which at least 80% said they enjoyed doing 
the project. At least 95% of the class believed that the project provided a better 
understanding of steel structures and thus be a regular feature of the steel structures subject. 
The students' response was overwhelmingly supportive. They thought the project was 
thought provoking, fun, enjoyable and interesting, practical, challenging and educational. 
They understood the purpose of the subject, how the real columns behave, how and where 
cold-formed steel could be effectively used and so on. They enjoyed testing and actually 
seeing real column failures and applying theory to real life problems. One of the students 
said that it made him learn and enabled confusing theory to be put into practice. Another 
one said that it is always good to design something yourself and to see that it works as it 
was supposed to. 
2.2.3 Overall Evaluation 
The project was of excellent teaching value, and extremely rewarding. The students' 
evaluation in the previous section clearly reflects this. Students learnt independently about 
all aspects of analysis, design, construction and testing of steel columns and many other 
difficult concepts, i.e. the full design process, without much staff support or additional 
formal lectures. Thus there was strong evidence for self-learning to have commenced in 
the early years of the course through the introduction of this project. One student 
commented that he can now do a steel column design blind-folded. The project simulated 
a realistic design exercise, and thus acted as a nexus between theory and practice. They 
gave an opportunity for students to design something 'real' unlike the usual assignment 
problems. Students selected the materials and the structure layout, i.e., they learnt the 
material selection process. They realised the need to evaluate alternatives in design, the 
importance of quality of construction and constructability, the need to work as a team of 
professionals, the usefulness of research and library skills and many other important 
concepts, which could have never been achieved through traditional teaching. 
It was clearly shown what the young students could do when given the opportunity. They 
wrote computer programs and used spreadsheets to determine the column capacity as a 
function of geometry, thickness and grade of steel. These tools were then used to select the 
optimum thickness and grade of steel and the geometry of the section for a given target 
capacity. The students also used paper/cardboard models loaded with books to optimise 
their geometry. All these methods were the students' initiatives and were not taught in the 
class. Innovative column sections were designed by the students (Figure 1). In the author's 
opinion, most of the students completed a good research project. Obviously they have 
worked harder on these projects, which confirm the observation that engineering students 
are interested in practical uses for ideas and theories, and are likely to work hard or 
effectively when they see apparent use. Since the project required the use of library 
resources and a final report, library research, drafting and technical report writing skills 
also improved significantly as reflected by students' final reports. 
The introduction of the column building projects into the early years of the course gave the 
opportunity for students to learn the basic steel design concepts and other skills such as the 
library and report writing skills in early years, and· to apply them in real engineering 
problems simultaneously. Thus it eliminated the shortcomings associated with the 
traditional teaching practice where the basic concepts and skills are taught in the first two 
years without much relevance to real engineering applications. It has overcome the gap 
between second year theory and third year design problems during which time many 
students had failed to grasp or simply forgotten basic concepts. The model projects 
enabled deep level learning of all the basic concepts which could be used in the real design 
projects in later years. 
Effectiveness of using the project-based teaching was studied by analysing the examination 
marks in the last few years. It was found that the students scored a higher mark in the 
questions directly related to the steel column project. On average about 50% of the 
students scored a mark of 65% or more (credit pass) in the steel column questions. 
Therefore it may be desirable that such projects be expanded to include all the topics. 
3. Design of Small Steel Structures 
As part of the basic subject of steel structural elements, second year engineers were also 
required to design simple structures such as carports, sign boards, stairs in high set houses, 
swings and slides in children's playground, roofs for an extension of houses and shopping 
centre buildings. These structures are not too complicated, and are easily divided into 
basic beam and column elements. Therefore they easily come under the basic steel 
structures subject. More importantly such a design assignment related the basic subject to 
some realistic design problems. The exercise was much more useful than asking them to 
design a line element with a uniformly distributed load which never exists. In this 
assignment which contributed 10% towards the final assessment of the subject, the students 
had to select a simple structure which they had seen before, assume the same or slightly 
modified structural layout, evaluate the loading, analyse and finally design it. Assistance 
was only sought from staff in relation to loading. This exercise also simulated a realistic 
engineering exercise using problems that are of interest to the students. Although no 
survey was carried out, it is believed (based on the informal feedback from students) that 
most of the students enjoyed doing this assignment and completed it like a professional 
design project. Often they suggested more efficient structural layout and/or members for 
the selected simple structures. Figure 3 shows some of the simple structures the second 
year students have designed this year. 
These educational experiments involving the column project and simple steel structures 
above showed such real world problems are of great educational value. The university 
courses are a total failure if the engineering profession has to re-train our graduates to solve 
real world problems. The real world engineering problems are providing the 
undergraduates with a positive appreciation of what actually happens in the real world. 
Despite the difficulties in introducing realistic project-based and design work, this should 
be developed further with the introduction of more project and design work instead of pure 
theory as this will foster a more interesting course for the undergraduate and hence provide 
better, more knowledgeable graduates for the profession. 
4. Use of Advanced Data Visualisation in Teaching 
In this method, a number of video cassettes containing animated pictures of the behaviour 
of steel structures under different loadings were shown during lectures in order to improve 
the understanding of steel structural behaviour. These cassettes were made using computer 
analysis and laboratory experiments. Animated deformation, buckling and failure modes 
and stresses and strains within the structure were all clearly demonstrated by the video for 
which advanced structural analysis and data visualisation software were used. This was 
backed up by videos showing the corresponding behaviour in the laboratory experiments. 
Figure 4 shows some of the buckling modes shown via these video tapes. This teaching 
method using video tapes and laboratory models enhanced and simplified the lectures on 
buckling behaviour. It included buckling and collapse of other members such as beams 
and thus supplemented the column project described in Section 2. 
5. Integration with Other Subjects in the Course 
There is no doubt that the degree course has a number of obviously-related subjects, but 
are being taught as modules and thus in isolation from each other. Very often these 
subjects are not taught by the same lecturer, too. Therefore the students also take the view 
that these subjects are unrelated; they learn each subject as a module and do what is 
required for each subject; and often forget everything soon after their final examination of 
each subject. This was the case of the second year steel structures (element design) and 
other similar subjects. The students do other subjects related to the overall design process, 
that is, structural analysis of beams, frames and trusses, strength of materials and 
Mechanics before the third year design of complete steel structures. Despite the fact that 
the students have completed the element design and structural analysis, they often had 
difficulties in using the knowledge and skills learnt in the earlier years for this third year 
design subject due to the lack of integration of all these related subjects. 
The author was in a unique situation when he took charge of some of these subjects at 
QUT two years ago, particularly, Mechanics I and II in the first year, Steel Structures 
(elements), Strength of Materials and Structural Analysis in the second year and Civil 
Design I in the third year. Attempts were therefore made to integrate all these subjects. 
Every task done in the earlier year subjects was always related to the third year design 
subject. Most of the concepts introduced usually as part of Civil Design I was brought 
forward to the fundamental subjects to relate all the subjects together. 
For example, in the first year Mechanics subject, teaching the basic topics such as axial, 
shear and bending stresses and shear force and bending moment diagrams were related to 
the third year steel design problem. Assignment problems were not chosen arbitrarily, but 
from the third year design problems so that they are more realistic. 
In the second year structural analysis subject, students are usually asked to analyse some 
hypothetical structures. This was changed, and an analysis and research project was 
introduced, in which the students were asked to analyse a steel portal frame for commercial 
and industrial buildings and a steel roof truss for domestic housing for given representative 
loadings (gravity and wind loading). In this exercise they were asked to calculate the 
design action effects for a given structural layout. The students obtained the magnitude of 
loadings (dead, live and wind loads) with the help of teaching staff once they have 
identified them. Thus part of the design process, that is, load evaluation and structural 
analysis which is usually done in the third year design subject was brought forward without 
any additional effort or contact time. It also served to relate the subjects together for the 
students and thus helped improve understanding and learning of all these subjects. 
In the above assignment, the students were also asked to study the effects of various 
assumptions commmily used in the analysis of frames and trusses. For example, in the 
case of portal frames, they were asked to study the effect of base and knee fixity, and 
varying member sizes for columns and rafters whereas in the case of truss analysis, they 
studied the effect of pinned versus fixed joints, pinned versus roller supports amongst 
others. This exercise was carried out using an available structural analysis program, and it 
improved the students' understanding of the structural behaviour and their research skills 
significantly. This assignment was found to be of excellent value in integrating the steel 
element and structural design and structural analysis subjects together and thus improving 
the teaching and learning of the overall steel structural design at no additional cost or 
contact time to either students or staff. 
6. Conclusions and Recommendations 
A number of new methods including a project-based teaching was introduced to improve 
the teaching and learning of steel structural design at QUT. In the basic steel structures 
subject a project-based teaching method involving the students to analyse, design and build 
model steel columns was introduced. This project was successful in improving the 
understanding of buckling and ultimate behaviour of steel structural elements and relating 
it to code provisions. A design assignment involving real simple steel structures was also 
introduced in the basic steel structures subject. Both these exercises simulated realistic 
engineering problems and thus encouraged deep learning, creativity and a broader 
knowledge base. The opportunity to simultaneously learn and apply theory to practice in 
the first steel design subject has improved student performance and motivation amongst 
other benefits and improvements. Such realistic engineering projects should be included 
from the early years of the course and built around the fundamental courses which are 
being taught as segregated modules at present. The problem solving ability of a graduate is 
strongly influenced by the course work that has been undertaken. The university lecturers 
must embark upon and accept the responsibility to ensure that a graduate is able to solve 
real world problems and not just trivial, idealised problems. 
Improvements to the teaching and learning of steel structural design was also made through 
integration of a number of related structural engineering subjects and by the introduction of 
animated computer models using advanced data visualisation systems, and laboratory 
models. All these new teaching methods are described in this paper which have become 
permanent features of these subjects at QUT. They have the potential to be implemented 
by other institutions. 
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